Abstract: Barium (Ba) minerals identified in clinopyroxene rocks from the Myanmar jadeitite area include celsian, hyalophane, and hydrated barium aluminum silicate (an inferred barian zeolite). The hyalophane and hydrated barium aluminum silicate occur as interstitial phases and sometimes crosscut jadeite crystals, indicating they were formed at a later stage than jadeitite. The celsian has two modes of occurrence: (i) in association with jadeite in jadeitite; (ii) as a single-phase mineral forming part of multi-phase pseudomorphs in chromian omphacite rock (omphacitite). The latter rock type was formed predominantly during the same episode as the jadeitite under almost the same P-T conditions. Multi-phase pseudomorphs, mostly showing hexagonal form, contain celsian and kaolinite, with or without quartz, graphite and diaspore. The P-T condition constraints on celsian suggest that a precursor phase, probably cymrite, once existed under high-pressure conditions, and that celsian was formed by decomposition of the phase under decreasing pressure during uplift of the jadeitite. The frequent occurrence of Ba silicates in jadeitites worldwide reflects a Ba-enriched environment for the formation of jadeitite, which is inferred to be related to subducted barite-bearing slab sediments. Therefore, the jadeitite records metasomatism and metamorphism, as well as fluid interactions and phase changes in the BaO-Al 2 O 3 -SiO 2 -H 2 O system. In this way, jadeitite provides information on Ba phase transformations and Ba recycling within the subduction zone. Taken together with previous results, this study further suggests that jadeite-forming fluids are derived from the dehydration of the altered oceanic slab containing deep-sea sediments.
Introduction
Sediment recycling at destructive plate margins is one of the most important issues in the scientific debate on the genesis of arc magmas, since the incorporation of subducted sediments into the mantle wedge above a subducted slab could lead to enrichment of the asthenosphere (i.e., Plank & Langmuir, 1998; Johnson & Plank, 1999; Conticelli et al., 2002; Plank, 2005; Guo et al., 2006) . Barium is an incompatible large-ion lithophile element that is enriched in oceanic sediments and the continental crust at convergent margins, especially in rocks derived from arc magmas (e.g., Elliott et al., 1997; Leat et al., 2004; Browne et al., 2006) . Hence, barium recycling has been increasingly attracting the attention of geologists. Barium is not usually fractionated in arc magmas, but negative Ba spikes can occur in the case of potassic or ultrapotassic igneous rocks (e.g., Guo et al., 2006; Zhang et al., 2006; Conticelli et al., 2007 Conticelli et al., , 2009 ; Altherr et al., 2008; Boari et al., 2009a and b) . The output flux of Ba from the arc-related igneous rock roughly reflects the sediment input fluxes at depths ranging down to the source-area of magma generation (Morris, 1991; Plank & Langmuir, 1998) . Recently, attention has been paid to the Ba flux and Ba minerals in high pressure and low temperature (HP/LT) rocks at shallower depth than the source-area of magma generation (e.g., Sorensen et al., 1997; Catlos & Sorensen, 2003; Bebout et al., 2007) . Moreover, Ba minerals are observed to occur in rocks within the subduction zone and are frequently reported in jadeitites (e.g., Harlow, 1994 Harlow, , 1995 Morishita, 2005) . Positive Ba spikes have been reported from several jadeitite localities (e.g., Sorensen et al., 2006; Shi et al., 2008) . In this way, Babearing phases in jadeitites provide information on the sediment input fluxes at depths equivalent to HP/LT metamorphic conditions, and have significant implications for understanding Ba recycling processes in association with oceanic slab-subduction. Thus, the problem of barium might be better addressed in jadeitites and linked to the international discussion in this domain.
Jadeitite is a rock made up almost entirely of jadeitic pyroxene, which is found in serpentinites associated with high-pressure rocks such as eclogite and blueschist; it is thus regarded as a marker of subduction zones (Harlow, 1994; Shi et al., 2001; Tsujimori, 2002; Harlow et al., 2003; Harlow & Sorensen, 2005; Tsujimori et al., 2005) . Jadeitite is a very uncommon rock type currently found only at ,15 locations worldwide (e.g., Harlow & Sorensen, 2005; Sorensen et al., 2006; Compagnoni et al., 2007; Garcia-Casco et al., 2009) , appearing locally in HP/LT subduction zones. The formation of jadeitite veins involves complicated open system processes under conditions which are related to the known blueschist and eclogite facies.
Barium minerals, such as hyalophane, barian phengitic muscovite and/or phlogopite, banalsite, celsian and cymrite, have been reported at various jadeitite localities. Banalsite, celsian, cymrite and barian phengitic muscovite and/or phlogopite occur in the Guatemala jadeitites and/or albitites (Harlow, 1994 (Harlow, , 1995 . Barium-rich minerals, such as benitoite, are found in the New Idria serpentinite body and cymrite at Pacheco Pass, in San Benito County, California (Coleman, 1961; Essene, 1967) . Banalsite (Kobayashi et al., 1987) and barian feldspar (Morishita, 2005) have been reported in Japan. In Kazakhstan, Ba-Ti silicate from jadeitites of the Imurundinsky Mélange (northern Balkhash area) formed as a late-stage enrichment of Ba (Ermolov & Kotelnikov, 1991) . Jadeitite in the Sorkhan area of south-eastern Iran contains minor amounts of barian K-feldspar (Oberhänsli et al., 2007) . It appears that all the well-documented jadeitite localities have Ba silicates. In the Myanmar jadeitite, however, only banalsite and cymrite have been reported (Harlow & Olds, 1987) ; apart from these latter minerals, no other barian silicate has been described from this occurrence, which is the largest and most important jadeite deposit in the world. In this investigation, we describe the chemical compositions and textures of Ba minerals found in jadeitites and related chromian clinopyroxene rocks from the Myanmar jadeitite area. We assess the origin of the Ba minerals, as well as the implications for jadeitite petrogenesis and Ba recycling in subduction zones.
Geological setting
The Myanmar jadeitite crops out across the western part of the Sagaing fault belt in the Hpakan area of Kachin state. It belongs to the Indo-Burma Range located east of the subduction zone, where oceanic crust of the Indian plate was subducted beneath the Burmese platelet (Fig. 1) . The Indo-Burma Range covers an area between the Myanmar Central Basin and the western border with India. Its eastern boundary is generally defined by a discontinuous line of ophiolites and ophiolite-related rocks. The Sagaing fault is a major right-lateral strike-slip continental fault, extending over 1200 km, which reaches the Andaman spreading centre at its southern end. It has been interpreted by some authors as a plate boundary between the India and the Indochina plates (LeDain et al., 1984; Guzmàn-Speziale & Ni, 1996) . Other authors have pointed out that tectonic structures in the Myanmar Central Basin and the Shan plateau scarps accommodate a significant part of the relative motion between the two plates (e.g., Maung, 1987; Holt et al., 1991; Bertrand et al., 1999; Bertrand & Rangin, 2003) . The rocks in this Range are progressively younger from east to west. Geological sketch map of the Myanmar jadeite area (modified after Bender, 1983; Morley, 2004) .
The 147 Ma age indicated by SHRIMP U-Pb dating on zircons in the Myanmar jadeitite is interpreted as the age of formation of the Myanmar jadeitite, correlating with that of the eastern subduction, while the inherited age of 163 Ma is correlated with either an igneous or hydrothermal event prior to formation of the jadeitite (Shi et al., 2008) . These ages are consistent with the results of Mitchell et al. (2004 Mitchell et al. ( , 2007 . Primary jadeite deposits occur as massive veins (called ''dikes'' by Chhibber, 1934) crosscutting serpentinized peridotites that belong to the Hpakan-Tawmaw ultramafic body (Fig. 1b) , in which serpentinized dunite has been identified (Shi et al., 2001) . Outside the ultramafic bodies, there are high-pressure rocks such as phengite-bearing glaucophane schists and stilpnomelane-bearing quartzites, as well as amphibolite-facies rocks such as garnet-bearing amphibolites and diopside-bearing marbles (Shi et al., 2001) . The jadeitite veins are almost vertical, striking N-S, 1.5-5 m wide and 5-100 m long. Related sedimentary rock units, above or near the primary jadeitite veins, contain jadeitite fragments that are also mined around Hpakan and about 60 km west of Hpakan (Avé Lallemant et al., 2000; Hughes et al., 2000; Harlow & Sorensen, 2005) . Some jadeitites even occur in conglomeratic units extending from Monhyn (Thin, 1985) to IndawTigyaing (United Nations, 1979), $100 to 230 km south of Hpakan, along the Sagaing fault.
The boundary zone between the serpentinized peridotite body and the jadeitite vein is mainly made up of a metasomatic amphibole association containing sodic to sodic-calcic amphiboles identified as eckermannite, magnesiokatophorite, nyböite, glaucophane, richterite and winchite (Shi et al., 2003) . Located within or associated with the amphibole boundary, kosmochlor, chromian jadeite and some chromian omphacite appear as corona aggregates or small blocks (Shi et al., 2005a) . Small blocks of omphacitite are also found (Yi et al., 2006) . The jadeitite veins are crosscut locally by thin late-stage albite veins, which are commonly less than 5 mm wide. In addition, accessory minerals such as zircon, pyrite and galena also occur (Harlow et al., 2007; Shi et al., 2008) .
Four jadeitites (sample names: R1, 01-9, Cel and J2) and one sample of chromian clinopyroxene rock (CCR, sample name: C) are found to contain Ba minerals (Fig. 1b ) through optical and electron microprobe studies of thin sections of Myanmar jadeitites and related rocks collected from the study area. We note that, in the Myanmar jadeite area, jadeitite, kosmochlor rock, chromian clinopyroxene rock (mostly omphacitite) and amphibole rock are four common rock types associated within the serpentinized peridotite. They are even intermingled in some individual veins, with three of the associated rock types being formed either simultaneously or slightly later than the jadeitite. The associated rock types were predominantly formed during the same episode as the jadeitite, under almost the same P-T conditions (e.g., Shi et al., 2001 Shi et al., , 2003 Shi et al., , 2005a Yi et al., 2006) . Thus, these four rock types can be regarded as isofacial in the discussion on their origins.
Sample descriptions and petrography
In the Myanmar jadeitite area, hyaophane and hydrated barian aluminum silicate (further explanations about this phase are given below) occur as interstitial phases within cracks or interspaces of jadeite or amphibole crystals (Fig. 2a-c (Fig. 2c) , suggesting that the jadeite was formed after the albite. Adjacent to the albite vein, celsian occurs in contact mostly with jadeite, suggesting that the hydrated barium aluminum silicate was either formed at the expense of a previous barium mineral such as celsian, or deposited from Ba-bearing fluids during/or after the formation of albite. A similar situation occurs in jadeitite from Japan, where late-stage barian feldspar formed as an interstitial phase (Morishita, 2005) .
In the present studied samples, celsian appears in association with jadeite (sample J2), as well as in multi-phase pseudomorphs consisting of celsian, kaolinite with or without quartz, graphite, diaspore in chromian clinopyroxene rock. In sample J2, celsian occurs as crystals with flat boundaries and with a grain size of 3-15 mm. They are mostly surrounded by jadeite grains, only partially in contact with the later-stage albite veins (Fig. 2d) . In the veins, a replacement texture of jadeite by albite can be observed, and hydrated barium aluminum silicate appears instead of celsian. It seems that celsian was formed prior to albite and hydrated barium aluminum silicate; however, in this investigation, it remains unclear whether it coexists with jadeite or not.
The chromian clinopyroxene rock containing multiphase pseudomorphs (Fig. 3a) is comprised predominantly of chromian omphacite with minor sodic and sodic-calcic amphiboles and small disseminated multi-phase pseudomorphs. The clinopyroxene crystals mostly form a granoblastic texture, whereas small domains have deformed and recrystallized textures. Most multi-phase pseudomorphs display undeformed hexagonal shapes, while others appear slightly deformed (Fig. 3b) . The pseudomorphs are 100-400 mm across, surrounded by clinopyroxene crystals alongside, indicating that multi-phase pseudomorphs were formed not later than the pyroxenes. In some multi-phase pseudomorphs, sodic and sodic-calcic amphiboles are found along the pseudomorph boundary, or cutting across it (Fig. 4) .
Multi-phase pseudomorphs can be classified into two types in terms of celsian content: celsian-rich, and celsianpoor. The celsian-rich multi-phase pseudomorphs are composed of celsian and kaolinite with/without minor graphite and diaspore. Celsian seems to have experienced deformation and is broken up into smaller fragments, which, in a given pseudomorph, have the same optical orientation under Ba minerals from the Myanmar jadeitite area 201 cross-polarized microscopy ( Fig. 4) . Kaolinite occurs outside the celsian grain or within its cracks (Fig. 4) . Close to the kaolinite, graphite occasionally appears. Such textural relationships indicate that kaolinite and graphite were formed subsequently to celsian crystallization. Diaspore has a fibrous, silky or sheet-like habit; since it crosscuts kaolinite, it was formed as a later stage of alteration. The celsian-poor multi-phase pseudomorphs (Fig. 5 ) are made up of kaolinite, with minor celsian, graphite, diaspore and quartz. Most celsians occur as rounded disseminated grains which are surrounded by kaolinite, suggesting that kaolinite was formed at the expense of celsian. Diaspore occurs as fibrous, silky or sheet-like grains crosscutting kaolinite. Graphite is xenomorphic and occurs mainly in association with kaolinite. Quartz is a very rare mineral in the multi-phase pseudomorphs (Fig. 5) ; only a few grains of 5-10 mm are found surrounded by kaolinite in one multi-phase pseudomorph.
Methods
Back-scattered electron (BSE) images and chemical compositions of the Ba-bearing and associated minerals were acquired at the Institute of Geology and Geophysics, Chinese Academy of Sciences (IGGCAS), using a JXA-8100 Electron Microprobe Analyzer (EMPA) with a voltage of 15 kV, a beam current of 20 nA and a spot size less than 10 mm. Subsequently, further analyses were performed at the School of Earth and Space Sciences, Peking University, with another JXA-8100 EMPA using the same conditions as given above. EMPA standards include the following minerals: andradite for Si and Ca, rutile for Ti, corundum for Al, hematite for Fe, eskolaite for Cr, rhodonite for Mn, bunsenite for Ni, periclase for Mg, albite for Na, K-feldspar for K, and barite for Ba. All mineral formulae were recalculated using the software MINPET 2.0 (Richard, 1988 (Richard, -1994 . Tables 1 and 2 report the compositions of the Ba mineral and pyroxene. Pyroxene formulae were calculated by choosing a method based on ''charge balance iron''; accordingly, the contents of FeO and Fe 2 O 3 were obtained by recalculation. Micro-Raman spectroscopy was performed on a polished 0.2-mm thick section of the pyroxene rock to detect graphite in multi-phase pseudomorphs, using a Renishaw-1000 Micro Raman spectrometer at the IGGCAS with an argon laser beam (l ¼ 514.5 nm) and analytical conditions of 5 mW. An objective lens with a magnification of 50 times was used.
Celsian-rich pseudomorphs on a doubly-polished 0.2-mm thick section were cut and selected for X-ray diffraction (XRD) with a BRUCK SMART CCD four-circle diffractometer, using graphite-monochromatized Mo Ka radiation, with a tube voltage of 50 kV and a tube current of 30 mA, at China University of Geosciences (Beijing). The XRD pattern for celsian-poor pseudomorphs was obtained in 2002 at the Ruhr-Universität Bochum, Germany, by means of a 57.3-mm diameter Gandolfi camera and Cu Ka radiation, using a micro-drilling method on thin section, which allowed the identification of kaolinite (Shi et al., 2003) . Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 The feldspar formulae were calculated on the basis of eight oxygen atoms per formula unit. Cn, celsian; Hy, hyalophane; Ab, albite; HBAS, hydrated barian aluminum silicate; bdl, below detection level. Mineral abbreviations mainly after Kretz (1983) . Sample C is chromian clinopyroxene rock, samples J2, R1, 01-9 and Cel are jadeitites.
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Mineral chemistry and identification

Celsian and other Ba minerals
Three Ba silicates are identified in this investigation, celsian, hyalophane and hydrated barium aluminum silicate. Mineral chemical compositions acquired by EMPA and X-ray diffraction spectrum (Fig. 6 ) confirm the presence of celsian in the multi-phase pseudomorphs from chromian clinopyroxene rock. Celsian (Table 1) is compositionally homogeneous and contains 92 to 97 mol% Cn, with less than 10 mol% of (Ab þ Or þ An) (Fig. 7) . Celsian associated with jadeite in jadeitites (Fig. 2d ) is homogeneous and very close to end-member ( (Fig. 7) . These results fall in the range between the Ba-rich (Cn 56-59 Or 40-42 Ab 2 An 0-1 ) and Ba-poor (Cn 7-15 Or 83-92 Ab 1-3 An 0-1 ) feldspars in a jadeitite from Japan (Morishita, 2005) .
Hydrated barium aluminum silicate is inferred to belong to the zeolite group, because of the low EMP analytical totals and since, when the electron probe is applied to its surface, the latter exhibits protuberance phenomena, which are due to the presence of water molecules in the structure of the mineral (e.g., Gatta et al., 2009) 
Other phases
Kaolinite
Kaolinite has been detected using EMPA and X-ray diffraction data (i.e., Table 9 from Shi et al., 2003) . By measuring the diffraction patterns, we can recalculate d values and I/I o ratios (Table 3 , online supplementary material, freely available at http://eurjmin.geoscienceworld.org/); the results confirm the presence of kaolinite.
Quartz
Quartz is identified by energy-dispersive spectroscopy attached to the EMPA; only SiO 2 is detected.
Diaspore
Diaspore is inferred from its chemical composition and mineral habit, together with thermodynamic data (Perkins et al., 1979; Anovitz et al., 1991) . Only Al 2 O 3 is detected by EDS coupled with the EMPA.
Graphite
The phase appearing opaque under the microscope in transmitted light and dark in BSE images is assumed to be graphite, which is confirmed by Raman spectrum analyses (Fig. 8) . The spectrum is similar to that of well-crystallized graphite in Fig. 4 by Beyssac et al. (2002) . On the one hand, the G band near 1569 cm À1 , corresponding to the E 2g2 vibration mode of graphite with D 4 6h crystal symmetry, is distinct from the most intense band (S1) near 2700 cm À1 , representing well crystallized graphite. On the other hand, the bands characteristic of poorly ordered graphite at $1150, $1350, $1500-and $1620 cm À1 are not distinct (Nemanich & Solin, 1979; Beyssac et al., 2002) .
The carbon of graphite in the multi-phase pseudomorphs is inferred to have formed within subducted organic-carbon-bearing marine sediments, in a similar way to the CH 4 in fluid inclusions in jadeitite (Shi et al., 2000 (Shi et al., , 2005b . As CH 4 at deep crustal levels (10-35 km) might come from graphite-bearing metasedimentary rocks (Burruss, 1993) , and most of the low-T/high-P rocks from the Franciscan Complex and the Western Baja Terrane (Mexico) have not experienced significant decarbonatation (Sadofsky & Bebout, 2001 , the 
Pyroxenes
The chromian clinopyroxene rock surrounding the multiphase pseudomorphs is made up of a chromian omphacite (Table 2 , Fig. 9 ), which belongs to the jadeite-kosmochlor-diopside-aegirine solid solution, consisting of jadeite (21-36 mol%), kosmochlor (11-20 mol% Ko), diopside (25-35 mol% Di), aegirine (12-18 mol%) and other components (,10 mol%). Other samples of pyroxene studied here correspond to jadeite with minor amounts of Ko and/or Di (Table 2) .
6. Discussion
Formation of and thermobarometric constraints on celsian and other barium minerals
Mineralogical and petrographic data suggest that celsian is the product of a precursor Ba mineral formed during crystallization of the Myanmar jadeitite, whilst hyalophane and hydrated barium aluminum silicate were formed after the jadeitite veins. Since celsian is unstable under the P-T conditions of formation of the Myanmar jadeitite (Fig. 10) , the precursor Ba mineral is assumed to be cymrite. With increasing pressure, celsian þ water would form cymrite (Mall & Rudert, 1974; Moles, 1985; Viswanathan & Harneit, 1989; Graham et al., 1992; Essene et al., 2005) . With decreasing pressure, cymrite breaks down to celsian according to a dehydration reaction that takes place along a retrograde reaction path:
(1)
Natural cymrite has a double-layer structure of monoclinic symmetry with six-membered rings of [Al,Si] O 4 tetrahedra in the layers, thus giving rise to a pseudohexagonal habit (Carron et al., 1964; Drits et al., 1975) . Celsian, which is monoclinic, does not display hexagonal forms. However, as shown in Fig. 3 -5, most celsian-bearing multi-phase pseudomorphs are hexagon-shaped. Thus, celsian in celsian-rich multi-phase pseudomorphs is suggested to be formed from the decomposition of a precursor Ba phase (such as cymrite) under decreasing pressure, corresponding possibly to the uplift of the Myanmar jadeitite. Not all minerals in celsian-poor multi-phase pseudomorphs (i.e., celsian, diaspore, quartz, kaolinite and graphite) are stable under high P/T conditions. Chemically, diaspore, kaolinite and celsian all fall within the Al 2 O 3 þ SiO 2 þ BaO þ H 2 O system. In this system, cymrite contains all four components and is stable under HP/LT conditions. With decreasing pressure and excess fluids, cymrite could be decomposed into celsian (reaction 1), then into kaolinite, and finally, possible under afterward reversely increased pressure, into diaspore and quartz (reactions 2 and 3), as diaspore þ quartz is stable at unusual low-T/very high-P (e.g., Theye et al., 1997) . Since Ba is a mobile element which could be dissolved in the fluids, the likely reactions are as follows:
The explanation of decomposition of a supposed precursor cymrite is reasonable. Quartz in multi-phase pseudomorphs in the Myanmar jadeitites is likely one of the product in reaction (3), as quartz coexisting with jadeite in jadeitite is very rare (e.g., Harlow & Sorensen, 2005 Nishisonogi metamorphic rocks of Kyushu, Japan. They suggested that the jadeite cores were formed by an isochemical reaction of albite ¼ jadeite þ quartz, but the margins of the jadeites in their samples are free of quartz. In Myanmar, it is suggested that the quartz is more likely to be formed by decomposition of the surrounding kaolinite, which formed from primary cymrite. If quartz were of sedimentary origin, it should have much a more rounded shape. In addition, kaolinite and diaspore in multi-phase pseudomorph are secondary alteration products. Moreover, fluids existing during the formation of the Myanmar jadeitite and subsequent events (Johnson & Harlow, 1999; Shi et al., 2005b) could facilitate decomposition of the precursor cymrite. Such fluids could dissolve and transport some Ba 2þ out of the system, leading to the formation of celsian-poor multi-phase pseudomorphs.
Another possible model for the formation of celsianbearing multi-phase pseudomorphs is that they represent alteration products derived directly from fragments of barite-bearing oceanic sediment. However, this hypothesis is not favoured here. Barite, one possible source for the Ba silicates, could precipitate due to the reaction of Ba-rich, sulphate-depleted, discharging fluids with sulphate-rich bottom water (e.g., Greinert et al., 2002, based , 2007) . Assuming that transfer takes place from barite in the sediment to Ba silicate, diaspore and kaolinite should have been the coexisting minerals prior to celsian. However, the texture of celsian, diaspore and kaolinite in multi-phase pseudomorphs argues in favour of the formation of diaspore at the expense of kaolinite, and kaolinite at the expense of celsian, as shown in reactions (2) and (3). In addition, the presence of undeformed hexagonal pseudomorphs provides evidence against the derivation from fragments of barite-bearing oceanic sediments.
Origin of barium in jadeitite and recycling of Ba in subduction zones
Combined with studies on other jadeitite localities, this investigation suggests that Ba enrichment is coupled with the development of jadeite-forming fluids, which were formed from the reworking of subducted slab-related sediments. Ba-bearing minerals commonly occur in several well-documented jadeitite localities, and have been reported as late-stage phases in jadeitites and associated rocks (e.g., Harlow, 1995; Morishita, 2005) . Apart from Ba mineral occurrences, Sr-enrichments have also been reported to be formed at a late stage, producing stronalsite as observed at Oosa-cho, Japan (Kobayashi et al., 1987) , itoigawaite (the Sr equivalent of lawsonite) (Miyajima et al., 1999) , rengeite (Miyajima et al., 2001 ) and matsubaraite (Miyajima et al., 2002) at Itoigawa, Japan, as well as strontian zoisite (Harlow, 1994) in Guatemala. These authors suggested that Ba and Sr minerals were formed from fluids or residual fluids after formation of jadeite from primary aqueous fluids. However, in the Myanmar jadeitite area, the petrography of celsian and other latestage interstitial Ba-bearing minerals (i.e., hyalophane and hydrated barium aluminum silicate), reflects more complicated petrogenetic processes. It appears that enrichment of Ba could occur not only in residual fluids, but also in aqueous fluids coeval with formation of the jadeite. Geochemical data show that Myanmar jadeitites have higher Ba concentrations compared with other localities of this rock type worldwide. Eight jadeitites from Myanmar yield 17-100 ppm Ba (51 ppm on average) (Shi et al., 2008) , which is much higher than the contents (2-14 ppm Ba, 5 ppm average, 12 samples) obtained from barian feldspar-bearing jadeitites of the Itoigawa-Ohmi district (Morishita, 2005; Morishita et al., 2007) . SIMS trace-element analyses of jadeitite samples from Guatemala, Japan, California, Myanmar and Kazakhstan reveal that the (Sorensen et al., 2006) . The two-stages of formation of Ba phases (early celsian, vs. later hyalophane, hydrated barium aluminum silicate and banalsite (Harlow & Olds, 1987) ) in the Myanmar jadeitites most likely reflect a Ba-enriched environment.
The discovery of Ba silicates in jadeitites has some implications for the recycling of Ba in subduction zones. High Ba concentrations could be produced in deep-sea sediments where barite is deposited in regions of high biological productivity (e.g., Schmitz, 1987; Dymond et al., 1992; Gingele & Dahmke, 1994; van Beek et al., 2003) , as well as in hydrothermal sediments, particularly near the source of hydrothermal fluids (e.g., Plank & Langmuir, 1998; Greinert et al., 2002) . When subducted along with the down-going oceanic slab, the barite in sediments acts as a source for the Ba 2þ released into jadeite-forming fluids, which are considered to be released by dehydration of altered oceanic slab or by deep dehydration of serpentine minerals (Shi et al., 2009; Fu et al., 2010) . This is similar to the model proposed by Harlow (1995) and Morishita (2005) for the origin of Ba entering into the composition of Ba minerals in jadeitites. These authors argue that destabilization of barite leads to a release of Ba 2þ into solution, which is caused by a decrease in ƒO 2 associated with sulphate reduction in the serpentinite mélange. When jadeitite is formed from Ba-bearing fluids, it is reasonable to consider that Ba silicate minerals could also form in jadeitites under high-P conditions (e.g., Harlow & Olds, 1987; Kobayashi et al., 1987; Harlow, 1994 Harlow, , 1995 Morishita, 2005) . Therefore, crystallization of Ba silicates (celsian, cymrite, hyalophane, barium mica, banalsite, etc), either from jadeite-forming fluids or from later residual fluids, are important processes for Ba recycling in subduction zones under high-P conditions. Furthermore, deep-generated fluids may account for some Ba enrichment associated with ultra-high pressure (UHP) metamorphism (e.g., Malaspina et al., 2009) Carman & Gilbert (1983) . The position of the reactions Jd þ H 2 O ¼ analcite (Anl) and Anl ¼ nepheline (Ne) þ Ab þ H 2 O is from Holland & Powell (1998) and Harlow (1994) . Reaction of cymrite ¼ celsian þ H 2 O is from Graham et al. (1992) and Hsu (1994) . The fields in the diagram illustrate the P-T conditions of jadeite formation. The lightly-shaded field (area 1) is from Shi et al. (2003) , darkly-shaded (area 2) from Goffé et al. (2000) , the mediumshaded (area 3) from Mével & Kiénast (1986) , The dark solid triangle indicates a new estimate of the Myanmar jadeitite by Oberhänsli et al. (2007) . Mineral abbreviations are from Kretz (1983) .
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rocks (e.g., Guo et al., 2006; Conticelli et al., 2007 Conticelli et al., , 2009 Altherr et al., 2008; Boari et al., 2009a and b) could possibly explain the much greater enrichment of Ba in aqueous fluids compared with hydrated melts (Elliott et al., 1997; Hermann & Rubatto, 2009 ).
Implications for the origin of jadeitite
More and more observations and geochemical data lead to the conclusion that jadeitite is deposited from jadeiteforming hydrothermal fluids. Jadeitite was firstly interpreted as a metasomatic replacement rock by Yoder (1950) . Both before and after this interpretation, it was pointed out that jadeitite occurrences sometimes exhibit a concentric zoning pattern with a non-jadeitite core, which may suggest an albitic protolith (e.g., Chhibber, 1934; Chihara, 1971) . However, later studies failed to find any evidence of such a protolith; hence, it is fairly clear that jadeitite is not formed from metasomatized albitite (e.g., Harlow, 1994; Shi et al., 2003 Shi et al., , 2005a Harlow & Sorensen, 2005) . The presence of a jadeite-saturated vein fluid is indicated by the trace-element compositions of jadeitites (Sorensen et al., 2006; Morishita et al., 2007; Shi et al., 2008) , combined with the textures and compositions of related metosomatic amphiboles, as well as kosmochlor and jadeitized omphacite (Shi et al., 2003 (Shi et al., , 2005a Yi et al., 2006) . Fluid-inclusion studies and isotope geochemistry of the Guatemala and Myanmar jadeitites show that jadeite grains were formed from the fluids (Harlow, 1986; Manning, 1998; Johnson & Harlow, 1999; Shi et al., 2000 Shi et al., , 2005b . However, generation of the jadeite-saturated vein fluid has still not been fully documented. Sorensen et al. (2006) concluded that jadeitite deposits worldwide are formed from three potential types of fluids: (i) derived from rocks previously altered by seawater at T , 300 C (''seafloor weathering''); (ii) derived from rocks previously altered in a high-T sea-floor hydrothermal system; and (iii) in equilibrium with an ''igneous'' or ''mantle'' source. These authors proposed that jadeititedepositing fluids either had multiple sources or changed in composition along their flow paths (or both). Their suggestion goes some way toward addressing the question of how jadeitite-depositing fluids are generated. According to this hypothesis, jadeitite should have been discovered more frequently in subduction belts worldwide. However, jadeitite occurrences are entirely lacking in many of the wellknown high pressure (HP) or ultra-high pressure (UHP) belts, for example, Sulu-Dabie and Tianshan, etc. (e.g., Liou et al., 1997; Zhang et al., 2002) . Furthermore, the known jadeitite outcrops commonly cover small areas, accounting for less than 1 % of their associated HP or UHP belts (e.g., Tropper et al., 1999; Massonne & Nasdala, 2003; Compagnoni et al., 2007) . The rarity of jadeitite within HP or UHP belts, as well as the small size of individual jadeitite deposits, indicates that geological processes are crucial in generating the fluids or controlling the tectonic conditions suitable for jadeitite formation.
Alternatively, most blueschists may simply have experienced rather limited fluid flow.
Recent studies on the Hf isotope compositions of zircons from the Myanmar jadeitites show that this mineral has a depleted Hf isotope ratio (Qiu et al., 2009; Shi et al., 2009) . Shi et al. (2009) suggested that zircon is derived from the prompt reworking of very juvenile crust, and the jadeitesaturated vein fluids are likely derived from seawater that reacted with the subducted slab, with minor addition of fluids from the dehydration of serpentine minerals at greater depths. The subducted oceanic slab thus serves as a primary source for the depleted Hf isotope composition. These results also suggest the presence of Mesozoic intraoceanic subduction within the Indo-Burman Range (Shi et al., 2008 (Shi et al., , 2009 . Such suggestions are supported by correlations between fluid characteristics and seawater/ seafloor-sediment sources as revealed by Ba-bearing minerals in jadeitites.
